In the terrestrial magnetosphere, the inhomogeneous magnetic field and plasma density give rise to a continuous spectrum of field line resonant frequencies. Compressional disturbances with characteristic frequencies lying within the range of the spectrum may couple to transverse oscillations of resonant field lines. The coupling is of particular interest for global compressional modes trapped in the magnetic cavity. These modes decay in time through the coupling, even in the absence of dissipation. The importance of the process is that, through the damping of the global modes, large-scale motion can drive localized field line resonances. In this study, we investigate the mode coupling and examinc the parameter dependence of the damping rate of the global mode. The problem is discussed as an initial value problem in the box model which retains most of the significant physics yet remains mathematically tractable. To treat the coupling, we use the analogy of Landau damping in a homogeneous plasma. From the Laplace transform approach, we obtain the complex frequencies of the compressional wave by finding the singularities of the associated Green's function. Once the complex frequency has been found numerically, we obtain the corresponding waveforms in the box. Many observed wave properties can then be obtained. The calculations agree well with other simulation work and correspond to results obtained for the reflection of radio waves from the ionosphere and for plasma heating by absorption of radiation.
. Thus these types of pulsations arise from large-scMe perturbations of the magnetospheric system. They are predominantly dayside phenomena that fall into two classes. In one class, the pulsations are harmonically structured and azimuthally polarized. The fundamental pulsation frequency varies with local time and radial distance, and the spectrum is dominated by resonances of local magnetic field lines [Takahashi and McPherron, 1982; Engebretson et al., 1986] . In the other class, the perturbation has a substantial compressional component and a large part of the magnetosphere oscillates at a single perturbation frequency [Kivelson et al., 1984; Greensladt et al., 1986 ]. As will be seen, both of these features are contained in the theory.
For theoretical modeling of the Pc 3-5 waves, the inhomogeneity of the system on a characteristic scale of Copyright 1988 by the American Geophysical Union.
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0148-0227 / 88/007A-8926505.00 a few Re cannot be neglected. Inhomogeneity leads to a continuous spectrum of field line resonant frequencies, i.e., the resonant frequency changes continuously with radial distance. Consequently, a perturbation whose characteristic frequency lies within the range of the continuous spectrum may couple to a transverse oscillation of an appropriate field line (resonant field line). The mathematical complexity arising from the wave mode coupling prevents one from obtaining an analytic solution of the problem even in a dipole geometry [Dunge•t, 1967; Cummings et al., 1969] . Nonetheless, early theoretics] work on Pc 3-5 waves successfully described the ULF wave response to sources at the boundary of the magnetosphere [Southwood, 1974 [Southwood, , 1975 Mathematically, wave mode coupling in an inhomogeneous system is often represented by singular integral or differential equations. A well-known example of the singular integral equation arises for the electrostatic oscillation in a hot plasma. A singular integration appears in the dispersion relation of the perturbation. Landau recognized that the singularity arises from the interaction between the wave field and the so-called resonant particles whose velocities approximately match the wave phase velocity. Furthermore, Landau was able to show that the interaction could cause damping of the electrostatic wave perturbation with wave energy going into acceleration of the resonant particles for appropriate particle distributions. We will find that his approach is relevant to the problem we are going to solve.
In our problem, the inhomogeneity is in coordinate space and we start from a singular differential equation. The singularity occurs at the position of the resonant field line. Similar types of singular differential equations are encountered in other scientific disciplines. In hydrodynamics, the so-called critical layer problem has long been of interest. In stratified shear flow, the critical layer corresponds to the level where the mean flow velocity matches the perturbation wave velocity [Lin, 1955] .
In ionospheric physics, attention has been directed to the reflection of radio waves from a stratified ionosphere; the signal is absorbed at a critical height where the radio wave frequency matches the local plasma frequency provided the wave electric field is polarized in the plane of incidence [Budden, 1961] . In fusion machines, electromagnetic waves are often used to heat plasma. The y axis completes the triad.
The boundary conditions of the problem must be considered. In the z direction, ionospheres anchor the field lines so that two boundaries can be placed at z=+/. The ionosphere is considered as a perfect reflector which leads to quantization of the wave number along the z direction. The variation in the azimuthal coordinate of an azimuthally symmetric magnetosphere can be represented by requiring all variables in the y direction to be periodic. The boundaries at large and small x correspond to the magnetopause and the plasmapause or equatorial ionosphere, respectively. At the magnetopause, the sudden jump of the plasma density and magnetic field produces a jump of the AlfvSn velocity; conservation of Poynting flux implies that electric field signals, E, must decrease when the Alfv•n velocity decreases as is the case outside of the magnetopause. Approximating the small electric field of the magnetosheath as a zero field and recognizing that the tangential electric field is continuous across the magnetopause, one can take a fixed boundary condition for the plasma displacement normal to the magnetopause. (2)) that has a form similar to our equation (4) (note the finite temperature correction in their calculation has only minor effects). They discovered that the rate of absorption was largest for a specific angle of incidence of the radio wave. The absorption rate was found to be a function of the dimensionless quantity a = (koL)2/asin20o; (ko is the wave number, L is characteristic scale of the inhomogeneity, and 00 is the incident angle of the radio wave). Other aspects of the global mode predictions remain to be tested. For example, the predicted amplitude and phase structure described in this work should be relevant to compressional perturbations observed on radial passes through the dayside magnetosphere. However, the unique features of the spatial structure will be clear only if the smMl-amplitude perturbations far from the resonant field line can be identified.
SUMMARY AND CONCLUSION
In an inhomogeneous magnetized plasma, the compressional Alfv•n wave mode is coupled to the shear Alfv•n wave mode. Because of this wave mode coupling, MHD waves in an inhomogeneous magnetized plasma differ substantially from waves present in the homogeneous case. For homogeneous magnetized plasmas, the compressional Alfv•n wave and the shear Alfv•n wave can exist independently so that any perturbation can be decomposed into these two wave modes. The inhomogeneity of either magnetic field or plasma density distribution, which may be characterized by the variation of the Alfv•n velocity through space, couples these two wave modes. Perturbations in the inhomogeneous magnetized plasma can no longer be separated into the compressional Alfv•n mode and the shear Alfv•n mode. Rather the perturbation has characteristics of both wave modes. One interesting feature which emerges in the inhomogeneous case is that the perturbation may behave quite differently on different time scales. Immediately following the disappearance of the transients, the perturbation is characterized by components of collective oscillations, i.e., oscillations with same frequency over the whole spatial region. The collective oscillation damps exponentially, and at long times the perturbation is characterized by the oscillations of all field lines with their own resonant frequencies in both radial and azimuthai directions. The component in the radial direction damps as a negative power of time. In a nondissipafive system for the long time limit, perturbations are characterized by each field line oscillating with its own resonant frequency purely in the azimuthal direction.
The major features of the above points have been discussed qualitatively by Southwood [1985, 1986] . In this work we have confirmed them quantitatively. In addition, through the Laplace transform approach and the Green's function formalism, we have presented a way to formulate the coupled ULF wave problem for further analytical discussions. The numerical results reveal the spatial profiles of the wave modes and other associated wave properties. Concerning the possible application of our results to data analysis, we emphasize that two distinct observational features, namely perturbations in which all field lines resonate at their natural frequencies and perturbation dominated by a single (global mode) frequency over a large part of the magnetosphere, may be present at times following an initial perturbation. The discrete frequency response should be observed only at times short enough so that the exponentially damped mode is still dominant. The former, namely the perturbations of field lines resonating at their natural frequencies, should be observed at times long enough to neglect the exponentially damped modes; and the commonly observed azimuthal polarization is consistent with the theoretical prediction that such polarization remains at very long times.
Properties of observed magnetospheric ULF pulsations that result from warm plasma effects, finite Larrnor radius effects, or aspects of a realistic magnetic geometry such as particle trapping are beyond the scope of this work. Nonetheless, we believe that many magnetospheric observations can be interpreted on the basis of the model we have investigated.
